In calendar years 2001 to 2003, 20 journals of astronomy and astrophysics published 11 831 papers that reported or analyzed observations at wavelengths from meter radio to ultrahigh energy gamma rays. These were cited 161 556 times in the three calendar years following publication, according to the Science Citation Index/Web of Science, for an average of 13.66 citations per paper or 4.55 citations per paper per year. We examine these numbers as a function of subject matter, wavelength bands, journals, and individual telescopes used and explore a small subset of possible temporal trends, anomalies, and sources of uncertainty, including blockbuster journals, papers and facilities. Many of the results resemble qualitative expectations. There are hot topics (cosmology, exoplanets) and not so hot topics (binary stars, planetary nebulae). Papers reporting data from space are cited a bit more often, and ground-based radio papers a bit less often, than optical papers, while multi-wavelength ones do noticeably better than average. The total number of telescopes involved is surprisingly large, approximately 350 optical and infrared (mostly ground-based but including HST because of its long life), 144 radio facilities on about 100 sites (including WMAP and COBE and a few balloon-borne CMB experiments), and 105 space-based detectors (including satellites, interplanetary probes, things carried on rockets, balloons, the Shuttle, and so forth). The outstanding telescopes are generally both stable with time and predictable. HST and the VLA are responsible for the largest number of optical and radio papers respectively, but the most frequently cited optical papers come from SDSS (by a wide margin), Keck, and the AAT, while the JCMT, Parkes and (especially) CMB observatories lead the radio brigade. Among things that fly, leadership changes more quickly, as missions are launched, vigorously exploited, and turned off, sometimes achieving geostationary, suboceanic orbits. If you have a choice, large trumps small, but wellsupported sites trump struggling ones by a comparable factor. And service to the community, in the form of catalogues and mission descriptions, is rewarded, at least in citation numbers, if not always in other ways.
Introduction
History eventually decides what science, scientists, and experimental/observational facilities have been truly important, and sometimes changes its mind, as well as taking a long time. Feedback from reviewers of your grant proposals and papers comes immediately, but it is not always entirely unbiased. Counting of papers and citations to them picks out an intermediate time scale with an intermediate degree of bias. We present here a third, and for us last, set of numbers of papers and citations reflecting the productivity and impact of the full range of astronomical facilities over three years of publications and three years of citations after publication. It is our intent to be useful to our colleagues who have to make hard decisions. Not that we expect, or want, anyone to say, "Gee, we might as well close down our 94-inch; it doesn't seem to be doing much." But we would be glad if someone, looking at these numbers, decides "Hey, the MPT (Milford Poltroon Telescope) is more important than we realized and worth fighting to keep operating in good condition." without referees' hats said firmly that a single year of data would be biased by temporary problems and passions.
A second year of data, publications in 2002, cited in calendar years 2003-05, was added in by Trimble & Ceja (2007, TC07) , showing that anomalies were rather few, though one could see specific facilities (the VLT for instance ) gradually coming on line, others recovering from a bad patch, and the continued fading of 4-meters, except for the infrared UKIRT and IRTF, which continued to hold their own in both papers and citations per paper. Things in space started off with the expected bang of highly-cited "mission description and first light" papers, then gradually tapered off, though archives remain useful for decades. These four papers mention a number of other investigations of telescope productivity and impact that address fewer facilities, fewer papers, or both.
The present study adds in publications from 2003 (a larger number than in either of the two previous years ) and citations to them in 2004-06, again a larger number, both total and per paper. Section 2 recapitulates the methods used, very nearly identical to the first two years. Section 3 describes a variety of results pertaining to astronomical subdisciplines, block-buster and invisible papers, and the contributing telescopes.
Section 4 ventures on a few conclusions and suggests things others might look at, since this will be our last compilation, for several reasons. First, notoriously in astrophysics, one is a discovery, two is a confirmation, and three is a well known class of objects, about which the fundamentals are known. Second, statistical errors for this sort of things shrink only as 1/N 1/2 . Third, author Ceja will shortly be completing his degree and moving on to greener, if less cited, pastures. And fourth, the literature continues to grow at a canonical 5% per year, and citations per paper almost as fast (White 2007) , so that the task of identifying all the relevant publications, telescopes, and citation numbers gradually becomes more burdensome.
Methods
These were essentially the same as outlined in TZB05, TZB06, TZ06, and TC07. In outline, choose the journals to be considered (in our case the ones available in the UC Irvine science library); go through them page by page, recording bibliographic information for each paper presenting or analyzing observational data, the subject matter, and the telescopes used; choose a source for citation numbers, look them up, and do a bit of arithmetic. None of these is completely straightforward.
ADS includes in its list of "astronomy and astrophysics" journals some geoscience, a number of review publications, solar publications (which use an almost entirely disjoint set of facilities), Physical Review D (which has almost no observational astronomy, but quite a few highly cited papers), and a handful of publications that have become almost impossible to find (like the Armenian Astrofizica), but excludes the highly-cited astronomy papers from Nature and Science. Our choice is shown in Sect. 2.1.
Next, we have heard from colleagues who identify facilities used just by words in the title or abstracts of papers. We have found that you must also look carefully at the observational methods sections, figure captions, footnotes, and sometimes the acknowledgements to find them all. And there is a bias. More papers are called "Hubble spectroscopy of faint blue variables" but make equal or greater use of photometry from several ground-based telescopes, than there are papers called "Variability of faint blue stars seen from New Zealand" which then mention the HST spectra only in a figure caption.
Third, assigning subject matter is not totally a thoughtfree process. QSO spectra can be used to try to understand the central engines (AGNs), to probe chemical evolution of the absorber gas (galaxies), or to trace large-scale structure (cosmology). We have tried to choose what the authors say they are most interested in (but lost a couple of papers per year at this stage).
Fourth and most difficult is how to apportion credit. Keeping the original three (rather approximate) wavelength bands separate was driven by initial studies having addressed only optical telescopes. Equal credit to every facility (within a wavelength band) used in a paper is also arbitrary, but attempting to give more credit to the telescope that produced the most data would be exceedingly time consuming, and the information is not always available in each paper (and probably shouldn't be). Madrid & Macchetto (2006) have done this unequal division, but for fewer than 200 papers. Our equal divisions range from half-and-half for two telescopes, down to one-twelfth or less for a few synoptic studies covering long periods and for radio observations made with an ad hoc assortment of dishes generally used separately. Citations are also equally divided, but only as integers. With four telescopes and seven citations, the telescope mentioned last by the authors gets only one.
What sorts of conclusions to put forward is also a sort of decision, and we have tended to steer away (or be steered away by referees) from any that offend anyone, leaving thereby somewhat spherical papers. Canada (9) . Of these, the 45 journals listed by ADS in their "astronomy and astrophysics" class do not include Nature or Science, but do include six review journals, a couple of nontechnical publications, three journals of (mostly) theoretical and experimental physics, and journals of cosmic ray and other particle physics and astrophysics, as well as some small publications (like Baltic Astronomy) that we read when they are available but have not included here.
The journals employed
Clearly, the first five on our list include a large majority of all relevant papers, but Icarus (Solar System) and Acta Astronomica (microlensing projects and binary stars) occupy some specific niches. Nature, Science, and (sometimes) Astrophysical Journal Supplements, on the other hand, include very highly cited papers. We have generally refrained from reporting citation rates by journal, but note here that, for 2003, the 26 Science papers had C/P = 30.0 and the 44 Nature papers C/P = 44.7, compared to 15.7 for the complete 2003 set. And ApJS almost needs a logarithmic scale, because it included the WMAP first year data release and so a couple of papers with more than 1000 citations.
The 11 878 papers just mentioned is the largest number that will appear here, because there were a few for which the name of the journal and existence of observations was all that could be determined. A few gave no indication of the facilities used, and a few were unclear as to subject.
Definitions of wavelength bands
Optical astronomy means the data collected with about 350 ground-based optical and infrared telescopes, from the 11-meter Hobby-Eberly Telescope down to amateur-owned instruments of much less than one meter diameter, and also the Hubble Space Telescope, whose lifetime is now comparable with that of ground-based facilities. Radio includes a total of something like 144 collectors on 100 sites, ranging from meter wavelengths (GMRT for instance) down to the submillimeter (JCMT, which we accidentally included with optical observatories in TZB05), and also the COBE and WMAP CMB satellites, several balloon-borne CMB experiments, SWAS and Prognaus, and the Japanese satellite (VSOP or HALCA) used to provide baselines longer than the diameter of the earth for very long baseline interferometry. In the end, it contributed very few papers, but perhaps more than its share of the content of these.
Space is an even more heterogeneous collection of 105 facilities (though most had in common short lifespans, so that our analysis is inevitably unfair to the oldest and the newest). It includes X-ray, ultra-violet, γ-ray, and infrared satellites (plus a few rockets and balloons and aircraft), the Hipparcos astrometric satellite, solar system missions, the ODIN (submillimeter, short-lived ) satellite, astrophysical data (mostly on gamma-ray bursters) from solar missions (RHESSI and SOHO, for instance), and a couple of rocket and balloon data sets of uncertain wavelength. In addition, ground based-detectors for very high energy gamma rays (HEGRA for instance ) and particles (MILAGRO for instance ) live here. These definitions are followed throughout, beginning with Table 1 , whose purpose is to give some feel for the fraction of astronomical observation that is multi-wavelength. The numbers include papers that, for instance, made use of both radio and optical data but reported the telescope(s) only for one, and thus "all optical" is larger than the sum of optical telescopes in Table 4 , as are the "all radio" and "all space" numbers compared with the totals in Tables 5 and 6. Notice that "optical" is still much the largest set, and that "pure" O, R, or S considerably outnumber the mixtures.
On the other hand, multi-wavelength papers are, on average, cited rather more often than the total: 4.49 vs. A good deal more work would be needed to say firmly that these numbers imply higher quality for multiwavelength investigations (though more work is probably true). The alternative is merely having two sets of colleagues to cite you reliably.
Facilities tracked individually
Our original notes really do include names like Manastash Ridge Observatory, Baja Observatory in Hungary, and Piszkesteto; Wattzell, Svetloe, and Ny Alesund; and FAUST, WISP, and Apollo (remember Apollo!), in optical, radio, and space wavelengths respectively. But can anyone possibly want to know about a small, old, obscure facility that contributed, in our prorated method of bean counting fewer than a handful of lightly cited papers? Well, possibly yes, if it is yours, or if it is just coming on line and you want to be able to track early history at some time in the future. But exact complete tracking is not possible, because you cannot always say whether a particular set of small Greek telescopes used for one paper did or did not include a specific 0.3 meter on Crete used for another. The decisions made were (1) all optical telescopes larger than 1.85 meter, (2) a class of "others" for each site with one or more of those larger ones, (3) two classes of small optical telescopes, with the cut at 1.5 m, for optical telescopes not on major sites, (4) an assortment of special-purpose optical facilities, (5) all radio telescopes (etc) responsible for more than five papers in any one year, and (6) all space facilities responsible for more than five papers in any one year. These last two required in a few cases going back to the 2001 and 2002 data to pick up telescopes that had just been getting started then.
We are aware of several obvious injustices. Lowell Observatory, for instance, just missed the size cut, as did Asiago, VATT, and perhaps a few others. WHAM (the Wisconsin H-alpha Mapper) should have had a "special purpose" designation, but got lumped with other small facilities. Notice that the Large Binocular Telescope, the South African Large Telescope, and the Gran Telescopia Canarias (LBT, SALT, GTC) did not, as far as we could tell, contribute to any 2001-2003 papers. Some beloved long-standing radio dishes did not make the five-paper cut for any one year, but added up to 5-10 over the triennium and are mentioned in Sect. 3, in association with Table 5 . And a good many famous names from space -Ariel-5, Vela-5, Tenma, OSO-8, KAO, SAS-3, Giotto -didn't even add up to five over the triennium, but left the senior author thinking "but I remember when they were launched!" Well, she remembers when Sputnik was launched and benefited a good deal when supposed American panic reached down into the educational system with PSSC physics and NSF fellowships.
Results
Here are several subsets of numbers extracted from the raw data and, in some cases, what we think they mean. Table 2 divides the sample into 20 subfields giving numbers of papers and citations for 2001 + 2002 (separated in TC07), for 2003, and the sums, and citations per paper per year. Some lines are a bit fuzzy. Cosmology includes large scale structure and streaming and calibrations of the distance scale as well as parameter determinations. High resolution mapping of dense interstellar clouds (ISM) grades into the early stages of star formation (and the topic assignments together comprise about the same number of papers each year, but with the balance shifting in favor of star formation and young stellar objects). A detailed chemical analysis of one star is "stars", but of, for instance, the whole disk population as a function of radius is "Milky Way." And sometimes you have to read a paper right to the end to figure out whether a particular super-soft X-ray source has an accreting white dwarf or black hole. Over decades, there would, of course, be major shifts in proportions of papers in these various subfields, but from 2001 + 2002 to 2003 the only obvious changes are that many of the increased total number of papers fall in the GRB, Milky Way, brown dwarf, and Service categories, this last meaning mission descriptions, calibrations, and catalogues that include several different kinds of sources, often from a single survey.
Division by subdiscipline
The main temporal trend is a larger number of citations per paper in 2003 than in the two previous years. This has affected most subjects, but particularly gamma ray bursts (arguably because the connection with Type Ic supernovae became clear during the next few years) and cosmology with a slight increase from 2001 to 2002 and a major one to 2003. Simply removing a few blockbuster WMAP papers from the sample does not bring the 2003 C/P/year number back to the previous average, but only from 13.88 down to 11.91. We would not suppress these numbers even if we could, but we remain concerned that increasing focus of effort, funding, and everything else on a few driver topics (more or less describable as "origins") may not be good for the long term health of astronomy and for the increase of our knowledge of all aspects of the universe and its contents.
Clearly other possible slicings of astronomical subject space are possible. The neutron stars and black holes category could have been separated into single and binary, or the white dwarfs and CVs merged as single and binary WDs, or the CVs have been merged with other classes of binary stars. A class called stellar populations might well have been carved out of normal galaxies, Milky Way, and stars.
A rising tide swamps some boats
The analogy is not a perfect one, but nevertheless, if a rapidly rising tide of numbers of astronomers, papers, citations, and competition is anticipated, one may be wise not to moor one's career to a specific subject matter or facility pier by too short a line. Comparison of the 2003 (ff) numbers with 2001 and 2002 reveals about 6% more papers and 33% more citations, with at least one-third of the citation growth coming from papers reporting results from WMAP. This has somewhat twisted results upward for telescopes used in parallel with it and twisted downward numbers for facilities that preceded WMAP. Colleague Thomas Dame tells us that the 2nd and 3rd most cited radio papers of 2001, coming from Maxima, faded rapidly in citation rate in the last couple of years.
The rest of the rapid upshift in citations per paper for 2003 has two or three contributors besides references to WMAP by all and sundry (including non-astronomers). First is the continued rise of numbers of papers per year on beyond 2003, which must cite something or other; second is a roughly monotonic rise in numbers of references per paper (White 2007), which we are inclined to attribute to antecedephobia 1 ; and a possible third is somewhat more complete coverage of the literature by Science Citation Index, which adds to its list of journals scanned for citations from time to time. Table 3 lists the 124 most-cited papers, by facility, journal, and subfield down to 100 citations per paper, the cut-off we picked before. The top 1% is 118 papers down to 103 citations each. This top 1% contributes 14.9% of all citations, while the fraction for 2001 + 2002 was 12.9% of the total, another upward twist largely driven by WMAP, implying a corresponding downward twist for other papers.
The simplest of bean-counting systems will tell you that the distribution of topics in Table 3 is very different from that in Table 2 . Cosmology, Service (meaning catalogs of multiple types of sources, calibrations, and mission descriptions), ordinary galaxies, the Milky Way, exoplanets, and clusters of galaxies are over-represented by factors from 6.85 down to 1.06, and everything else under-represented by factors from 0.86 (active galaxies) down to zero for nine of the topics.
The opposite end of the distribution is represented by papers for which no citations at all have been recorded, 162 of the 4105 total in 2003, or 3.9%, which is slightly larger than the 3.3% of uncited papers from 2001 and 2002 in the three years after they were published. One could probably devise a metric by which this, plus the larger maximum C/P numbers, looked like increased variance. This 3.3-3.9% is probably an upper limit, because we spotted at least a few from major groups using large telescopes who surely cited themselves in the next few years. You could also think of being cited as random, like being kicked in the head by your cavalry horse; note that an average of 13.65 citations in three years should have (13.65) 1/2 = 3.69 scatter; and decide that zero is too far away from the average to bear interpretation of citations as a random process. You should be glad of this if you want to use citation rates as some measure of quality of a scientist, a journal, a university, or a facility.
Indeed the uncited papers are not distributed randomly over journals, subfields, or facilities. And there are no real surprises. Only Nature and Science are completely exempt. Ap&SS, Astron. Lett., and Astron. Rep. contribute considerably more than their fair share, and ApJ, ApJ Lett., and MNRAS less. The largest number of 2003 zeros belongs to A&A (60 out of 1198 papers or 5%). These largely report results on unpopular topics, obtained with poorly supported facilities, often by astronomers located in difficult countries, and one might think either of generosity of the journal editors or of self-selection by authors in placing such papers there. Neither you nor we nor authors choosing a journal for publication are unaware of the existence of page charges for some but not others.
In the middle, we find the average paper with 4. Someone would have to do quite a lot of work to see which way the average would shift if both these additions occurred. Large vs. small numbers of citations per paper and superstar papers are not just (indeed not even primarily, we would say) a matter of community size, for which the number of papers published during the three years is a plausible proxy. Figure 1 displays papers per subject (from 96 for white dwarfs up to 1439 for normal galaxies) vs. a normalized citation rate, from 2.61 for cosmology down to 0.42 for binary stars and CVs. The normalized rate is just C/P for the subject-divided by C/P for each year's complete sample, averaged over the three years. Feel free to test any trends you think you see there.
We have left at least a few other do-it-yourself projects. Contemplate, for instance, the subject entries in Table 3 . Cosmology and Service begin at the top and populate the entire list. On the other hand, there are three GRB papers in the top 16 and only one beyond; or one could look at citation numbers vs. sizes of the relevant IAU Commissions as a different proxy for community sizes.
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Optical telescopes
The numbers are in Table 4 , and most of what can be said about them fit nicely into short "NASA bullets," if you will remind yourself from time to time that the papers and citations have been equally shared among all optical telescopes contributing to a given publication.
-HST contributed the largest share of papers (16% in 2001, 17% in 2002, and 13% in 2003) , and they had somewhat higher than average citations, but not enormously so (compared, for instance, to SDSS or the AAT). The corresponding ESO numbers were 56.4 "VLT", 48.4 "VLT-1" or Antu, 38.6 "VLT-2" or Kueyen, 12.2 "VLT-3" or Melipal, and 13.3 "VLT-4" or Yepun. We think that most of the generic Keck and VLT credits are for observations made when only one mirror was up and running. Increasingly, however, there will be cases of observations performed in various service modes where the authors will neither know nor care which specific telescope was used. The table merges all Keck and all VLT numbers. -If you look back at TC07, you will see that the VLT crossed over Keck to producing the largest number of papers (though not yet the largest numbers of citations) in 2003. -We think there is some minor mystery connected with observatories that have more than one research telescope and the larger number of papers or more cited papers come from the smaller mirror. Calar Alto and the Crimean Observatory seem to fall in this class. -The "other" category for sites with large telescopes includes both moderate numbers of smaller mirrors and (especially for ESO/La Silla) observations made at the site and not credited to a specific telescope, which could have been a large one.
-The separate "other/unidentified" class consists primarily of highly cited papers that credited part of the optical data to a specific telescope but also used in an important fashion H-alpha maps, optical redshifts, or other data that were not credited. Cases where optical data were important but none credited to a specific facility appear in Table 1 as multi-wavelength papers but do not appear here. -The microlensing class includes observations of both exoplanets (often highly cited) and binary stars (less so), as well as lingering information on dark matter candidates. -Telescopes also die, and some are slaughtered. Bolton (2007) reports that the DDO 74" is down to four users, only two (of whom he is one) on a regular basis. The Lick 3-meter and Las Campanas 2.5-meter had brief, golden revivals in 2001 (see TZB05) connected with exoplanet searches at the former and redshift surveys at the latter. Both sorts of investigations have moved largely to other facilities, and paper numbers, and citations per paper have both dropped for both telescopes. -Of the various 4-meter-class telescopes that have been around since 1990 or earlier, CFHT and the AAT have held up best, with comparable numbers of papers per year and citation rates well into the range of the 8-m mirrors. -The infrared facilities, IRTF and UKIRT are also still holding their own, but our prediction that both will eventually yield to Gemini-north is still on the table to be refuted. -A 2.2 meter (or thereabouts) at Mauna Kea, La Silla, or
Mt. Stromlo contributes a good deal more (and is probably a better bet for your research) than 2.2-m most other places or even something larger but remote. -Astrometry (the product of meridian circles, refractors, prototype interferometers, etc.), however fundamental, is not much loved (compare determination of fundamental stellar parameters from binary stars in Table 2 ). -Only HST yielded more total papers than telescopes of less than 1.5 meters diameter, but the citation rates are very different. -the "all optical" number in Table 1 is larger than the total shown in Table 4 because of papers that mention using or obtaining essential optical data for the project but give no indication of the telescope(s) used. This happens also for radio and space-facility papers, but to a lesser extent.
Radio telescopes
The data are in Table 5 . Clearly the radio publishing event of 2003 was the appearance of the first year of WMAP data. The first light papers were very highly cited over the next three years, producing large C/P ratios for WMAP itself and for the facilities whose results were used in combination with it. The WMAP three -year data were not published until spring 2007, so it will be some time before once can see whether it will produce as large a bump (our guess is no). The radio facilities are divided into three classes, (1) centimeter to meter wave dishes and receivers, all ground based except HALCA, (2) devices used primarily for studies of the CMB and very large scale structure, of which COBE and WMAP are satellites, Boomerang traveled by balloon, CBI lives in the Atacama, DASI at the South Pole, and so forth, and (3) millimeter and submillimeter facilities, including the satellite SWAS, but otherwise groundbased. Some names conceal more than one device, especially Greenbank (the 140 , the 300 , the early results from the GreenBank Telescope, and a couple of things in between), but also the Robledo and Goldstone parts of the Deep Space Network, included with "Australia, other" because Tidbinbilla was responsible for the largest number of papers.
No large temporal trends appear. Ooty was giving way to GMRT (and they have been combined in the table), the Ryle telescope in Cambridge was coming on line, and things were not getting any easier in difficult parts of the world.
Some famous names hide in the "other" categories, including the European VLBI Network, and we went back through the three years of raw data to see which ones might have approached or exceeded the five-paper minimum in the sum. What we found included Onsala (11.2 papers, prorated as usual), Dwingeloo (9.8), Nancay (9.7), Metsahova (6.3), Villa Elisa (6.2), University of Michigan (4.9), Hartebeesthoeck (4.4), Kosma (4.0), and Medicino (4.0). None of those specific papers or paper parts showed citation numbers very different from the classes in which they have been subsumed.
At first glance, it appears that the fraction of astronomy coming from radio wavelengths has had a growth spurt: 836 in 2001, 833 in 2002, and 963 in 2003 . But notice that the Table 1 total (2632) is larger than the Table 5 total (2548), and more than half that difference arises from our having become more careful in recording as multi-wavelength papers ones that used radio data (sometimes redshifts, very often 21 cm maps, sometimes continuum maps at various frequencies) without indicating where those data had been recorded. The numbers of "pure" radio papers were about 550 each in 2001 and 2002 and 516 in 2003. The VLA has remained the dominant organism throughout the period, contributing 22-23% of all radio papers each year. The nearest optical equivalent is, not surprisingly, HST, for which the average is 15% of optical papers. The single most productive "space" facility, the Chandra X-ray telescope, comes in between at 18% over the three years and, again, no major year-to year differences.
Space based astronomical facilities
The numbers are in Table 6 , along with, when appropriate, launch and termination dates for the various missions. It is in the space-based realm that our snapshot approach is clearly least fair. Four missions launched in the present century were invisible in the papers of 2001 and 2002. Three of them (INTEGRAL in γ-rays, HETE in X-and γ-rays but tabulated with the γ's and Mars Odyssey) clearly hit the air running, at least in terms of citation rates. ODIN (a Swedish submillimeter facility) was represented only by a first-lights package in Astronomy and Astrophysics. We had expected at least a couple of very-high-citation papers in the IN-TEGRAL first-lights issue of Astronomy and Astrophysics, but the mission team chose to publish 75 separate Letters (with almost as many first authors, presumably the motivation) rather than a few long papers with a single missiondescription and single papers providing all the results about each class of interesting source. The largest number of citations in the next three years is, therefore, 150, compared to 380, 370 and 306 for the key XMM papers in 2001.
It is, on the other hand, of interest to note that at least five space observatories (ROSAT, IUE, ISO, IRAS, and CGRO), whose missions ended some time before 2003, have continued to contribute data to large numbers of papers with roughly average citation rates for their wavelength bands. Some of the papers are synoptic studies for which past fluxes and spectra are essential. In other cases (especially ROSAT and IRAS), nothing since has looked at the sky so thoroughly. In both contexts, the need for a fully stocked and well indexed virtual observatory is clear.
A few of the band designations are not perfectly describable by the single words in the table. Ground-based and space-based gamma categories include a few detectors and papers that actually are concerned with very high energy particles. Mir/Kvant includes just about everything flown, first, by the USSR and, later by Russia during the 14 years beginning in 1987. ODIN lives here (because of its short mission), while Prognaus (also a millimeter/ submillimeter project) is among the "others" of Table 5 .
Our time frame happens to include the first light package for XMM-Newton, but just to have missed that for the Chandra X-ray Satellite (launched five months earlier). The comparison of their time histories so far is just interesting enough to justify a mini table (Table 7) which should probably be described as indicating a sort of gradual convergence in their scientometric footprints. You might be inclined to suspect (a) a certain amount of cream-skimming in the first year or two and (b) increased use of archival data by other than the original observers. Both count as things we think should happen in the astronomical community, and it would be interesting to know what the peak paper numbers and citation rates were for older missions in their first few years, 
Conclusions and implications
Over the past three years, we have attempted to provide quantitative information on the extent to which the full variety of astronomical facilities -radio wave to gamma rays; small private telescopes to the GigaDollar class -provide data that are then published in the main stream astronomical literature and the rates at which those publications are cited over the next few years. We conclude from the numbers shown here and those in the previous four papers that three years of publications, and three following years of citations, is sufficient to make the numbers robust for nearly all telescopes, observatories, and so forth. The most difficult case is that of orbiting telescopes and solar system missions, whose lifetimes are frequently not longer than the time needed to gather data for a paper, publish it, and wait for your colleagues to cheer, though the situation is not as grim as we had supposed before gathering the numbers. Yes, new things are launched, with luck have a superstar year or two, and then fade back to average before disappearing completely. But IUE, IRAS, and ROSAT will apparently be providing significant archival data for a long time. At the other extreme, Uhuru was cited as a pioneer in a number of papers, but only a couple made actual use of data gathered by it.
We have numbers in hand to study, but have not done so here, citation rates by journals, correlations of C/P with numbers of authors and lengths of papers, and some statistical traits of very high impact papers. And in response to a question we were asked privately, yes Gemini might have been wiser to produce a "first lights package" in 2002 or 2003 rather than let results appear from a very few observing programs as soon as they were ready.
Finally, we think the methods used here and pioneered for optical telescopes alone by Abt (1981) might well be applied to major shared facilities, data bases, tissue banks and germ cell lines, competing sources of SCID-mice 2 , and other entities needed for research in fields very different from astronomy where things are expensive enough that researchers cannot have as many as they want. We would be happy to proved free advice, which is frequently worth just what you pay for it.
